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ABSTRACT 
An Experimental Study of Variation Within and Between 
populations of Petrophytum caespitosum (Nutt.) 
Rybd. With Emphasis on Numerical Techniques 
by 
Frank R. Drysdale, Master of Science 
Utah State University, 1968 
Major Professor: Arthur H. Holmgren 
Department: Botany 
Nine populations of sixty-eight individuals representing 
the distribution of Petrophytum caespitosum (Nutt.) Rydb. 
(Rosaceae) in the Intermountain Region were investigated for 
taxonomically significant variation using numerical techniques. 
On the basis of 19 morphological characters 3 subspecific 
taxa are recognized. Two taxa are existing subspecies: 
~ caespitosum (Nutt.) Rydb. var. caespitosum and ~ caespitosum 
(Nutt.) Rydb. var. elatius (S. Wats.) Tides. One new sub-
species is described: ~ caespitosum (Nutt.) Rydb. var. 
latifolium. The ecology of the species is discussed. The 
floral and vegetative anatomy are described. Chromosome 
counts of 3 populations have given n = 9. A list of herbarium 
material is given. The numerical analyses were run on an 
IBM S/360 computer using standardized data to find the 
coefficients of correlation between individuals of the same 
population and the coefficients of correlation between pairs 
of populations. The results of the numerical analyses 
agree with more traditional methods. (82 pages) 
INTRODUCTION 
Petrophytum caespitosum (Nutt.) Rydb., a perennial 
member of the Rosaceae, was first described by Thomas 
Nuttall (1840). Nuttall placed the species in the genus 
Spiraea as ~. caespitosa. . Subsequently, Per Axl Rydberg 
(1908) removed the species to the newly erected genus 
Petrophytum. The synonymy of the species has included 
Eriogynia caespitosa S. Wats. and Luetkea caespitosa 
Kuntze. The species has been described as follows: 
A densely cespitose undershrub, forming large 
flat patches appressed to the rocks7 season's 
shoots very Short7 leaves spatulate, 5-12 mm. 
long, 2-4 mm. wide, densely silky, I-ribbed, 
obtuse or mucronate7 penducles 3-10 cm. high, 
inflorescences short, 1-4 cm. long, dense, 
usually simple7 pedicels 1-2 mm. long7 hypanthium 
hemispheric, 1 mm. deep, densely silkY7 sepals 
ovate-lanceolate, acute, 1-5 mm. long7 petals 
spatulate, obtuse, 1.5 mm. long7 follicles 3-5, 
2mm. long, 2-3 ovuled 1-2 seeded. 
Type locality: On high shelving rocks, in the 
Rocky Mountains, toward the sources of the Platte. 
Distribution: On rocks, from the Black Hills of 
South Dakota to New Mexico, Arizona, California, 
and Montana. (Rydberg, 1908, p. 252) 
Since the publication of the early descriptions of 
the gross morphology of the species by Nuttall and Rydberg, 
the literature concerning f. caespitosum has been con-
fined to floras. Attempts to monograph the genus -are un-
known and desriptions of the anatomy of vegetative and 
floral organs have not been recorded. Chromosome counts 
are, likewise, unknown for the genus Petrophytum. 
2 
The objective of this work is to study the morphol ogy , 
the anatomy , and the dtstribution of R. caespi tosum and 
to analyze these findings through the use of numeri cal 
taxonomic techniques in an effort to determine the degree 
of variation within and between populations of ~ ~ caespi-
tosum. Allied to these studies physical aspects of the 
species ' ecology will be studied , as well as counts 
of meiotic chromoses~ however , these data will not 
be incorporated into the numerical analyses . 
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MATERIALS AND METHODS 
Ecological studies 
Distributional data were gathered from checklists, 
floras, herbarium notes, and personal notes. Physio-
graphic data were compiled from herbarium and personal notes. 
Climatic data of population localities were taken from United 
States Weather Bureau tables. Species associations were 
noted. 
Anatomical studies 
Floral material from the Zion Canyon and Kanosh , Utah 
populations was fixed and killed. Buds were placed in 
50% ethyl alcohol 48 hours prior to introducing the 
material to a tert-butyl-a1cohol (TBA) dehydration series 
(Sass, 1966) . The TBA series was as follows: 50:10:40 , 
50:20:30, 50:35:15, 50:50:0, 25:75:0, 0:100:0, 0:100:0, 
0:100:0 , (ethyl a1cohol:tert-butyl-alcohol:water, v/v/v) . 
Material rema i ned i n each solut i on for approximately 12 
hours. Upon completion of the TBA series the material was 
transfered to a mixture of 2 parts paraffin oil to 1 part 
TBA. After 6 hours the material was removed to a vial of 
warm solidified paraff i n , and covered wi~h the paraffin 
oil and TBA mixture . The vial was then placed in an oven 
at 60 C. After 4 hours the mixt ure was decanted and r eplaced 
~ith melted paraffin . The previous step was repeated 
three times . Upon completion of paraffin infiltration, 
the bud material was embedded in paraffine Blocks 
~ere placed in dust free storage. Embedded material 
was refrigerated one hour prior to sectioning e Each 
block was sectioned about ten minutes after removal 
from refrigeration. Sections were cut at fifteen mi-
crons. Both longitudinal and transverse sections were 
made of floral material from each populatio~ . Sections 
were mounted with Haupt IS adhesive . A double stain of 
aqueous safranin and fast green in 95% ethyl alcohol 
was used for all sections (Sass, 1966). 
Sections of shoot , and stems were also made ac-
cording to the same methods as for floral sections ex-
cept for softening in dilute hydrofluric acid and modi-
ficat i on of staining times (Sass , 1966)~ 
Transverse sections of leaves from limestone 
grown individuals in Logan Canyon , Cache County , Utah 
were made according to the method used in making floral 
sections . 
Whole mounts of flowers from all populations studied , 
except those in Elko County , Nevada and Grand Canyon 
National Park , Arizona were made according to a method 
outlined by Holmgren and Shaw (1967) . The method i n-
eluded clearing flower parts with 5% NaOH, washing with 
d O t o LS Llled water , sta i ning with safranin and carrying the 
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material through ethyl alcohol changes to xylene and 
mounting in Piccolyte. Measurements of these whole 
mounts were used in the numerical analyses . 
Chromosome counts 
Bud material was collected from Teton County, and 
Lincoln County, Wyoming, Cache County, Millard County, 
and Washington County, Utah during the mid-summer 1967. 
The buds were placed in ethyl alcohol and acetic acid , 
3:1, v/v. After 2 to 4 weeks the material was washed 
and placed into 70% ethyl alcohol. Squash preparations 
of pollen mother cells were made according to Sass (1966) 
with the incorporation of Hoyer ' s solution (Shaw, 1967). 
Figures were made of meiotic chromosomes with the aid 
of camera lucida. 
Numerical analyses 
The utilization of statistical techniques in tax-
onomy has recently become more frequent . Sokal and 
Sneath (1963) provide an excellent bibliography of 
work using numerical techniques. More recently 
Ornduff and Covello ( 1 968) have used numerical tech-
niques in an analysis of Limnanthaceae. Other workers 
using numerical techniques include: And~esen (1966) in 
Pinus, Taylor (,_ 966) in Li thophragma , Kendrick and 
Weresub (1966) in Basidiomycetes , Bidwell and Hole 
(1964) in the classification of soil types , Lockhart 
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and Holt in the classification of Salmonella ser-
types (1964). 
Though numerical taxonomy has been used widely 
in the biological sciences and other disciplines, 
most works have served as tests of the operational 
hypotheses it employs . Sokal and Sneath (1963) pre-
sent the basic proposition of the proponents of numeri-
cal taxonomy and the kinds of mathematical techniques 
used in numerical taxonomy. They make their position 
quite clear concerning what they feel as being short-
comings of "classical" taxonomy. Their criticisms have, 
of course, elicited vigorous debate from all quarters 
of taxonomy. From this debate taxonomy will have 
much to gain. Recent papers concerning numerical tax-
onomy include a vigorous rebuttal by Blackwelder (1967), 
an examination of numerical taxonomy by Mayr (1965) , 
a discussion of points of agreement and disagreement 
between classical and numerical taxonomy by Sokal and 
Camin (1965), a d i scussion of non ·Linnean taxonomy 
by DuPraw (1964) , and a symposium of phenetic and 
phylogenetic classification (Heywood , 1964) . 
Within numerical taxonomy debate has concerned 
the use of weighted and unweighted characters , the 
selection of characters , the types of stati stical 
analyses that should be employed , and the validity 
of basic propositions o 
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As on offshoot of numerical taxonomy computers 
b ecome more widely used in taxonomic analyses. have 
Recent papers concerning the use of computers in tax-
onomic endeavors include those by Rogers, Fleming, 
and Estabrook (1967), Sokal and Sneath (1966) and 
Sokal (1965) . 
Nine populations of Petrophytum caespitosum 
(Nutt.) Rydb. consisting of 3 to 11 individuals each 
were compared at an initial 53 character sites , (see 
Appendix A for population locations and Appendix C 
for all characters used in this study). Thirty-
four characters proved to be highly consistent or 
could not be accurately measured. Thus only 19 
characters were acceptable for the numerical analyses. 
Measurements of macroscopic parts as leaves , racemes, 
peduncles, and bractioles were made with a millimeter 
rule, while small parts such as sepals, petals, stamen 
filaments, anthers, pistils , and fruits were measured 
with a calibrated micrometer using a dissecting scppe o 
All characters were multistate, as opposed to two-state e 
More correctly, the character values were recorded as 
measured as opposed to recording the character as 
being '*present" or "absent," "+" or "-," "1" or "0." 
The value for each character for each individual was 
taken from three measurements~ however, some values 
may be from less than three measurements due to 
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missing parts. The mean and standard deviation 
of the mean for each character were taken from the 
total of all individuals within a population , and 
a mean and standard deviation of the mean were taken 
from the total of all individuals in all populations. 
This second overall mean and standard deviation of the 
mean were used in the standardization of data . Stan-
dardization is merely the substraction of the mean 
value for a particular character from the raw value of 
the same character as it occured in a particular indi-
vidual and dividing by the standard deviation. By 
standardizing data one can use many characters that 
would otherwise have very large differences and place 
great bias upon the coefficient of correlation. 
each character has t wo values . One value is the 
raw value which is used in determining the second 
value or standardized value . 
Thus 
The standardized data were then placed on IBM cards 
and the coefficients of correlation between all pairs 
of individuals of a particular population were com-
puted. After the coefficient of correlation was 
found within populations , summary data for each char-
acter within each population were used to compare pairs 
of populations . The summary data were the means of the 
standardized values for each character for each indivi-
dual within each population . The program used was pro-
8 
vided by the Utah State University Department of Applied 
Statistics. It was designed t o find the coefficient 
of correlation of the means and standard deviation of 
the means in data with missing entries. The computation 
was performed on an IBM S/360 computer at the Utah State 
University Computer Center, Logan, Utah. 
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RESULTS OF THE ECOLOGICAL STUDIES 
Distribution 
The distribution of E. caespitosum is confined to 
the Weste r n United States, from the eastern faces of 
the Sierra Nevada Mountains and the Cascade Mountains 
to Montana, the Black Hills of South Dakota, Colorado, 
New Mexico, and Western Texas. Figure 1 presents an 
approximation of the distribution of the species in 
the Intermountain Regiono Appendix B gives a listing 
of herbarium specimens examined from this distribution . 
Physiography 
Most populations of ~o caespitosum occur upon the 
open faces of limestone outcroppings. These outcrop-
pings range from mild protrubences , as on Blacktail 
Butte in Grand Teton National Park, Wyoming , to the 
precipitous cliffs of Logan Canyon, Cache County , 
Utah. A few populations are encountered in sand-
stone formations, as in Zion Canyon National Park , 
Utah and Grand Canyon National Park , Arizona . 
The species is usually found hanging vertically 
from the rock formations~ though , it is sometimes en-
countered in the horizontal posit i on on the upper sur-
faces of rock formations . 
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Figure 1 . Known distribution of Petrophytum caespitosum 
(Nutt.) Rydb. in the Intermountain Region 
In Logan Canyon, Cache County, Utah the species is 
exposed to the east, west, north, and south. On 
Blacktail Butte, Teton County, Wyoming the only ex-
posure encountered is to the west. Some populations 
are completely exposed to sunlight, while others are 
in deep concavities that rarely receive direct sun-
light, as those found under overhangs in Zion Canyon 
National Park, Utah. 
Climate 
Temperature variation in the cliff habitat is 
quite extreme. Daytime temperatures near the sur-
face of outcroppings may be quite different than sur-
rounding air temperatures. Substrate and intensity 
of solar radiation may have great influence upon 
surface temperatures. During winter all populations 
are exposed to temperatures below 0 Co The effect 
of freezing temperatures is compounded by the absence 
of snow cover in many populations. This effect is 
further intensified by the presence of high winds o 
Water does not seem readily available in the 
cliff habitat o During periods of snowmelt and rainfall, 
free water may be channeled down the crevices in 
which individuals are situated
G 
~SSociated species 
SpeCies encountered commonly with f. caespitosum 
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vary considerably& The Blacktail Butte population 
is found mostly with species of lichens, while in 
the Cache County, Utah populations other Angiosperms 
are noted, as: Sedum debile, ~. stenopetalum, 
Heuchera spp., Phlox hoodii, and species of the 
Gramineae. Of these species all but Heuchera spp$, 
have been found often growing directly in the mat of 
f. caespitosum. 
In general the species is encountered in wood-
lands. In the Teton area the surrounding species 
are mixed conifers, Artemisia tridentata, and Populus 
tremuloides o The Cache County, Utah populations are 
similarly found within areas of mixed conifers, sage, 
and aspen; however, Juniperus osteosperma, ~. scopu-
lorum, and Cercocarpus spp. are frequently found in 
the more open habitats. The Kanosh population of 
Millard County, Utah is situated in a primarily 
juniper-sage woodland association . The Lamoille popu-
lation of Elko County , Nevada is associated with sage o 
Radiocarbon dating (Wells and Berger, 1967) has re-
vealed past association of ~ . caespitosum and Juniperus 
osteosperma at elevations of 1550 and 1100 meters with 
dates of 9450 ~ 90 years and 10,000 ~ 160 years respec-
tively. These finds were made in the Mohave Desert ~ At 
these sites ~. caespitosum is still in occurrence; though 
J 
_. osteosperma is no longer found. 
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RESULTS OF ANATOMICAL STUDIES 
Floral anatomy 
The inflorescence of f . caespitosum is a raceme e 
The racemose condition may either be expressed as a 
simple or a compound raceme & The individual flowers 
are borne upon a pedicel being f r om 1-2 rom in length . 
The penduncle varies in length from 3-14 cm& Both 
simple and compound racemes often occur upon the same 
individual. 
The androecium and accessory floral organs arise 
from the margin of a concaved hypanthium o The gynoe-
cium is situated at the base of the hypanthium . In 
fully expanded flowers the depth of the hypanthium 
is about 1 rom . Most of the receptacle tissue is 
composed of parenchyma cells o Throughout the funda -
mental tissue numerous druse are encountered o 
Raphides were not noted . The role of the druse has 
not been well elucidated in the literature~ though 
it has been suggested that druse are metabolic wastes 
(Weibe, 1968). Solereder (1908) cites workers re-
porting that oxalate of lime is often found i n 
members of the Rosaceae , in particular Potentilla 
and §piraea . Both whorls of the perianth also exhi-
bit 
an abundance of intracellular crystals . Exclu-
Sively, the crystals man i fest themselves as asterisk-
14 
like aggregates. 
The margin of the hypanthium extends distally 
and centrally beyond the attachment of the sepals/ 
petals/ and stamens. The inner epidermal cells of 
the hypanthium are cutinized and become relatively 
Unbranched compact toward the margin of the disc. 
unicellular trichomes project from both the inner 
and outer epidermal surfaces. The hypanthium is 
about l5 to 20 cells thick. 
The calyx originates from the outer margin of 
the hypanthium. Each of the five sepals are sharply 
accumina t e. The abaxial epidermis is densely villous. 
Cutinized epidermal cells and stomata are found on the 
abaxial sepal surfaces. The internal tissue of the 
calyx is undifferentiated chlorophyllous parenchyma. 
The ground tissue of each sepal surrounds three vas-
cular traces/ each arising from a common vascular 
bundle entering the receptacle. The vestiture of 
the calyx is composed of unbranched unicellualr 
trichomes. 
Arising from the hypanthium internal to the calyx 
is the corolla. The five off-white petals are alter-
nate with/ and free of/ the sepals. Both the abaxial 
and adaxial surfaces of the petals show a presence of 
cuti . 
nLzed epidermal cells . The inner matrix of cells 
ConSist f . s 0 approxLmately three layers of parenchyma 
cells. Within the ground tissue of the petal is a 
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solitary vascular trace that divides into several 
ller vascular traces. Unbranched unicellular sma 
trichomes are sparingly distributed upon the adaxial 
epidermal surfaces of the petals. 
The androecium is comprised of twenty stamens. 
All stamens are fertile and bear two lobed, four 
loculed anthers. The stamens arise from the hypan-
thium interior to the perianth parts. The pattern 
of filament development suggests that each filament 
originates oppositeamajor sepal or petal trace. 
The vascular bundle of the stamen extends from the 
base of the filament into the area between the lobes 
of the anther. The tissue immediately surrounding 
the vascular bundle of the filament is two to three 
cell layers of parenchyma. Beyond the ground tissue 
is one to two layers of cutinized epidermal cells Q 
Both the inner and outer cells of the filament COTI-
tain druse. Before anthesis the stamen filaments 
extend upward then arch downward with the anthers 
hanging pendulously below the margin of the hypanthium. 
At anthesis the androecial organs become erect upon 
the hypanthium. The pollen grains have a cutinized 
eXine and are about 16 microns in diameter. 
The gynoecium is composed of five free carpels 
lOcated at the base and below the margin of the hypan-
thium. Each carpel folds inward to form a triangular 
16 
shaped pistil, giving rise to two anatropous ovules 
from the margins. The vascularization consists of 
a midvein and two lateral veins within each carpel. 
1 ;s attached to the margin of the carpel via a The ovu e • 
funiculus. The carpel wall is about five cell 
layerS thick. The outer layer of cells is cutinized 
and the internal cells are parenchymatous. The 
margins of the carpel join to form the ventral su-
ture. Dehiscence of the mature fruit is along the 
ventral suture7 though partial dehiscence along the 
dorsal side has been noted. McVaugh (1942) contends 
that many members of the genus Spiraea demonstrate a 
slight splitting along the dorsal surface, as well as 
the ventral suture . By this McVaugh concludes that 
this species should be replaced to the genus Spiraea. 
However, carpel structure , before maturation of the 
fruit, does not show the presence of the dorsal suture. 
Thus I maintain that the fruit of f e caespitosum is a 
follicle. Generally , the mature fruit has two seeds o 
The basic floral plan of five sepals, five petals, 
twenty stamens, and five pistils is maintained in the 
individuals of the sandstone and limestones populations. 
Slight variations as to degree of vestiture are encoun-
tered7 though variation in type of ves t iture , as cell 
number, is not encountered~ Relative cell sizes in 
individ 1 
ua s from both substrares are relatively con-
stant7 however, variation is encountered in petal 
17 
Limestone populations show consistently 
Petals than sandstone populations, (see longer 
means, character 21 in Table 21). Druse occur in 
approximately the same frequency for both sandstone 
and limestone populations. 
~af anatomy 
Leaf sections made from an individual from the 
Snake River population of Lincoln County, Wyoming re-
vealed unicellular unbranched trichomes arising from 
both the upper and lower epidermis, with the trichomes 
being about 12 microns in basal diameter. Stomata of 
24 microns in diameter (including guard cells) are 
distributed over both upper and lower epidermal sur-
faces. One mid-vein and two smaller veins run the 
length of the leafo The veins are surrounded by a 
differentiated mesophyll with the chlorophyllous 
pallisades layer being about 3 cells in thickness e 
The spongy mesophyll is about 6-8 cell layers thick and 
t he presence of druse is conspicuous. The dimensions 
of length and width are qUite variable7 though, thick-
ness is about 3 
• mm o 
.§..hoot anatomy 
Two types of shoots are apparent in this species e 
First a h ' 
re t e major shoots which yeild the spreading 
Illat-like h b ' 
a 1t of the species . Second are the short 
shoots th 
at bear leaves e Sections of the long shoots 
18 
e 
not successfully made, but sections of the smaller 
wer 
short shoots revealed short internodes, a woody vascu-
lar cylinder, and a central core of practically solid 
druse. These druse may be why the material was quite 
difficult to section . 
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RESULTS OF CHROMOSOME STUDIES 
Material from the Snake River population of 
Lincoln County, Wyoming showed 9 bivalents in several 
Metaphase I figures. A typical Metaphase I figure 
from the Snake River population as viewed under oil 
immersion is given in the camera lucida drawing in 
Figure 2. Material collected by G. Davidse during 
the summer of 1967 from the Ruby Mountains of Elko 
County, Nevada gave counts of n = 9. Pollen mother 
cells from Teton County, Wyoming, the Cache County, 
Utah and the Washington County, Utah populations had 
heavy cytoplasmic staining yeilding confusing counts. 
However, the counts from these populations seemed to 
agree with the n = 9 counts from the Snake River and 
Ruby Mountain material~ 
20 
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Figure 2. Camera lucida drawing of a metaphase I 
plate in the pollen mother cell divisions 
of Petrophytum"caespitosum (Nutt.) Rydb o 
From the Snake River population Lincoln 
County, Wyoming 0 
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RESULTS OF NUMERICAL ANALYSES 
The format for presenting the results of the 
numerical analyses is not necessarily consistent with 
formats used by other workers in the field of numer-
ical taxonomy. It is the feeling here that all data 
should be contained within the text in tabular form. 
With the exception of 470 lines of computer printout 
in the 19 character analysis and an equally lengthy 
printout from the 9 character analysis, all raw 
data, standardized data, and summary data will be 
presented in tables. Table I gives the code for 
each indiVidual character and the method by which 
these characters are expressed in the tables of raw 
data (Tables 2 through 10) and the tables of standar-
dized data (Tables 12 through 20). Table 11 gives 
the mean and the standard deviation of the mean for 
each character as it occurs in all populations. 
Table 21 presents the summary values for each char-
acter as l.°t occurs in each population. All but 
SO lines of printout in both the 19 and the 9 char-
acter analyses were concerned with the correlation 
Of indiViduals within their own population~ These 
data have been 
condensed intoagure 5 for the 19 
Character 
analysis and Figure 6 for the 9 character 
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Explanation of character codes used in Tables 
Table 1. 2 through 21 
-
Character 
code 
001 
002 
003 
004 
005 
Explanation 
Mean leaf length in mm x 10. 
Mean leaf width in mm x 10 0 
Mean ratio leaf length to width x 10. 
Mean raceme length in mm. 
Mean peduncle length in mm. 
006 Mean total inflorescence length in mm. 
23 
007 Mean ratio peduncle length to raceme length x 10. 
-
008 
009 
017 
018 
019 
021 
022 
023 
025 
026 
029 
034 
Mean number of bractioles per peduncle x 10. 
Mean bractiole length in mm x 10. 
Mean sepal length in mm x 100 0 
Mean sepal width in mm x 100 
Mean ratio sepal length to sepal width x 10. 
Mean petal blade length in mm x 100. 
Mean petal blade width in mm x 100. 
Mean ratio petal blade length to petal width x 10 . 
Mean stamen filament length in mm x 100. 
Mean anther diameter in mm x 100 . 
Mean style length in mm x 100. 
Mean fruit length in mm x 100. 
Table 2. 
Character 
1 
Raw population data for Logan Canyon, 
Cache County, Utah 
Individual 
2 3 4 5 6 7 8 9 10 
24 
-11 x SD 
101 53 60 73 100 77 73 73 83 100 83 103 80 16.2 
102 20 20 20 23 22 17 20 15 22 18 22 20 2.4 
103 27 30 37 43 35 43 37 55 45 46 47 41 8.2 
104 18 11 14 17 18 18 15 12 13 22 24 17 4.1 
105 39 33 29 53 53 42 40 51 49 85 62 49 15.6 
106 57 44 43 70 71 60 55 63 62 107 86 65 18.4 
107 22 30 21 3l 29 23 27 43 38 39 26 30 7.3 
108 73 76 73 177 107 110 130 107 110 143 153 115 33.9 
109 40 36 43 43 56 33 36 50 36 63 43 44 9.3 
117 152 139 139 145 145 101 132 132 132 132 145 144 17.1 
118 92 59 86 99 92 92 99 106 86 86 119 92 14&9 
119 17 24 16 15 16 21 13 12 15 15 12 16 3&7 
121 172 145 178 172 132 198 158 191 139 172 251 174 33.1 
122 59 77 92 92 79 112 92 66 59 59 112 82 19&9 
123 29 19 19 19 17 18 17 29 24 29 22 22 4.9 
125 330 211 218 251 211 284 297 205 224 297 250 253 43.3 
126 
129 165 
134 231 
33 46 53 46 53 46 8.2 
191 198 205 190 17.5 
185 191 264 218 37.0 
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Table 3. Raw population data for Blacksmith Fork Canyon, Cache County, Utah 
Character Individual 
-
1 2 3 4 5 6 7 8 9 10 11 x SD 
201 130 120 70 93 60 86 60 86 86 80 46 83 25.1 
202 23 23 16 18 15 18 15 18 18 20 10 17 3.7 
203 57 52 44 52 40 48 40 48 48 40 46 47 5.6 
204 21 15 10 13 13 19 8 9 16 14 6 13 4.6 
205 50 46 25 34 23 49 35 25 49 32 21 35 11.3 
206 71 61 35 47 36 68 43 34 65 46 27 49 15~4 
207 24 31 25 26 18 26 44 28 31 23 35 28 6.9 
208 70 97 137 143 55 80 60 70 113 83 123 94 31.0 
209 50 43 36 40 45 50 50 33 43 43 30 42 6.9 
217 139 125 132 145 139 139 139 132 139 145 137 6.2 
218 99 79 86 92 92 73 99 86 99 73 88 10.1 
219 14 16 15 16 15 19 14 15 14 20 16 2.1 
221 211 198 172 211 211 238 185 172 145 172 191 192 25.9 
222 86 99 73 73 92 92 66 92 73 79 73 82 11 .0 
223 25 20 24 29 23 26 28 19 20 22 26 24 
225 343 350 284 304 317 370 356 257 304 297 350 321.105 .7 
226 53 46 59 40 46 49 7.3 
229 231 211 221 14.0 
234 145 l45 
-
Table 4. 
Character 
1 
301 93 
302 15 
303 62 
304 17 
305 51 
306 68 
307 30 
308 100 
309 46 
317 106 
318 73 
319 15 
321 191 
322 73 
323 26 
325 363 
326 
329 257 
334 139 
-
Raw population data for Green Canyon, 
Cache County, Utah 
Individual 
-
2 3 4 5 6 7 x SD 
110 150 133 80 113 93 110 24.7 
18 23 20 20 20 22 20 2 . 7 
61 65 67 40 57 42 56 11 . 0 
24 17 27 21 23 24 22 3.8 
47 48 75 52 79 60 59 13.2 
71 65 102 73 102 84 81 15 .. 8 
20 28 28 25 34 25 27 4 .. 5 
105 80 90 70 70 113 90 17.2 
35 40 60 50 40 50 46 8 .. 4 
132 106 138 106 99 132 117 16 . 4 
99 92 79 79 73 79 82 10 . 0 
13 12 17 13 14 17 14 2 .. 0 
172 191 198 178 165 172 181 12 . 4 
79 73 92 66 73 86 77 9 .. 1 
22 26 22 27 23 20 24 2 . 7 
409 356 376 29 .. 2 
53 59 56 4 . 2 
264 264 271 264 5 . 7 
251 132 277 185 185 195 58 .. 7 
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.,.ble 5. 
Character 
1 
401 127 
402 26 
403 49 
404 19 
405 48 
406 67 
407 25 
408 106 
409 43 
417 
418 
419 
421 
422 
423 
425 
426 
429 
434 
-
Raw population data for Snake River, 
Lincoln County, Wyoming 
Individual 
-
2 3 4 5 6 7 8 x SD 
80 100 90 90 86 140 123 105 22.3 
20 20 22 18 20 22 22 21 20 4 
40 50 41 50 43 64 56 49 8.1 
24 14 19 27 16 23 33 22 6 03 
94 85 89 120 86 96 143 95 27.7 
118 99 107 147 102 119 176 117 32.8 
39 61 49 44 54 42 43 45 10.7 
226 250 197 220 167 205 200 196 43 08 
66 56 43 50 53 70 110 61 21 .. 9 
112 145 125 132 139 125 125 129 11.2 
66 73 99 66 79 86 73 77 120 0 
17 20 13 20 18 15 17 17 2.6 
185 191 185 165 178 158 165 175 13.2 
79 66 79 73 73 66 73 73 5 a 6 
23 29 23 23 24 24 23 24 2.3 
264 297 264 275 19 04 
53 53 46 46 53 50 3 . 8 
178 165 297 211 213 59.4 
211 211 145 165 257 185 196 39 .. 9 
27 
28 
Table 6. Raw population data for Teton County, Wyoming 
B1acktai1 Butte, 
-
Character Individual 
-
1 2 3 4 5 6 7 x SD 
501 76 106 83 96 96 70 110 81 15.2 
502 15 17 17 17 17 12 17 16 2 . 0 
503 51 62 49 56 56 58 65 57 5 . 8 
504 26 27 48 28 23 22 26 29 8 .. 9 
505 66 55 92 83 88 53 63 71 16.1 
506 92 82 140 111 111 75 89 100 22 07 
507 25 20 19 30 38 24 24 26 605 
508 103 63 103 140 86 60 105 109 27.7 
509 73 66 63 66 66 60 70 66 4 . 5 
517 106 112 112 152 139 158 152 133 22 .. 5 
518 73 86 92 99 106 99 86 92 11 . 2 
519 15 13 12 15 13 16 18 15 2 . 1 
521 158 198 198 198 185 185 191 188 14 . 3 
522 66 92 92 85 79 79 79 82 9 . 2 
523 24 22 22 23 23 23 24 23 1 . 0 
525 277 277 284 297 330 290 330 298 23 09 
526 53 53 53 53 46 46 51 3 ~ 8 
529 224 284 257 224 238 245 25 0 5 
534 185 244 264 218 238 310 264 246 39 . 8 
-
Table 7. 
Character 
1 
601 96 
602 22 
603 44 
604 12 
605 69 
606 81 
607 58 
608 90 
609 45 
617 106 
618 86 
619 12 
621 211 
622 59 
623 36 
625 
626 59 
629 
634 
Raw population data for Kanosh, Millard 
county, Utah 
Individual 
-
2 3 4 5 6 7 8 x SD 
83 80 96 120 103 123 113 102 16.1 
20 18 22 25 26 26 18 21 3.3 
42 44 44 48 40 47 63 47 701 
11 9 21 22 19 17 10 15 5.2 
48 66 109 85 103 147 57 86 32.8 
59 75 130 107 122 104 67 101 36.4 
43 73 52 39 54 86 57 58 15 0 3 
76 60 60 240 220 150 70 121 73.5 
43 60 60 40 50 50 50 50 7.3 
119 125 119 112 119 86 113 13.3 
99 106 92 106 118 66 96 17.0 
12 12 13 11 10 13 12 IG2 
185 224 238 218 205 178 208 21.7 
59 66 53 66 73 53 61 7 ,, 5 
31 34 45 33 28 34 34 5 .. 4 
330 383 343 350 343 350 19.9 
59 59 59 ·59 59 59 59 1 .. 3 
277 152 145 191 74 .. 3 
145 132 139 9 . 2 
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b1e 8. Raw population data for Zion Canyon, Washington County, Utah 
Individual 
2 3 4 5 6 7 8 9 10 
701 53 76 86 86 86 123 130 106 100 76 
702 27 30 32 23 32 37 37 40 32 20 
703 20 25 27 37 27 33 35 27 33 38 
704 8 9 8 8 16 17 22 29 8 9 
705 17 26 35 27 73 52 55 100 12 18 
706 25 35 43 35 89 69 77 129 20 27 
707 21 29 44 34 46 31 25 34 15 20 
708 96 83 120 110 110 100 100 90 50 55 
709 26 33 36 33 40 60 55 60 30 40 
717 125 125 125 132 132 132 119 125 145 
718 86 86 79 99 99 92 86 86 86 
719 15 15 16 13 13 14 14 15 17 
721 139 145 152 165 178 165 132 185 185 
722 66 79 79 86 59 59 59 66 86 
723 21 18 19 19 30 28 22 28 22 
725 244 323 383 350 
726 53 53 53 59 59 53 59 59 
729 79 251 152 
734 
125 105 
30 
-
x SD 
92 23.1 
30 6.3 
30 5.8 
13 7.4 
42 28.3 
55 35.2 
30 10.1 
91 23.1 
41 12 0 6 
129 7.6 
89 6.7 
15 10 4 
161 19.9 
71 11 0 5 
23 4.5 
325 59.3 
56 3.2 
160 86.4 
115 1401 
31 
9. Raw population data for Grand Canyon, 
Mohave County, Arizona 
-
Character Individual 
-
1 2 3 x 
801 76 130 83 96 
802 35 43 36 38 
803 21 30 23 25 
804 15 41 11 22 
805 47 66 25 46 
806 62 107 36 68 
807 31 16 23 23 
808 75 50 46 57 
809 50 50 50 50 
Table 10. 
Character 
901 
902 
903 
904 
905 
906 
907 
908 
909 
Raw population data for Lamoille 
Canyon I Elko CountYI Nevada 
Individual 
-
1 2 3 x 
300 280 320 300 
35 30 31 32 
85 93 103 94 
10 20 35 22 
58 68 170 99 
68 88 205 120 
58 34 49 47 
70 65 60 65 
50 115 90 83 
32 
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Table lI. Overall mean and standard deviation of the mean for each character as measured 
in all populations 
-
- Standard deviation Character x 
001 102 48.22 
002 23 6.91 
003 43 23.45 
004 18 19.08 
005 61 31.72 
006 84 33.77 
007 34 13.89 
008 109 50.41 
009 50 15.72 
017 130 16.83 
018 88 12.67 
019 15 2.32 
021 182 30 ~ 97 
022 76 13 0 43 
023 25 5,,20 
025 311 72 . 66 
026 53 6 .. 13 
029 216 53 . 12 
034 200 54.50 
-
racter 
101 
102 
103 
104 
105 
106 
107 
108 
109 
117 
118 
119 
121 
122 
123 
125 
126 
129 
134 
Standardized population data for Logan Canyon, 
Cache County, Utah 
Individual 
1 2 3 4 5 6 7 8 9 10 11 
199 213 240 296 249 240: 240 261 296 261 302 
257 257 257 300 286 214 257 185 286 228 286 
232 245 275 300 266 300 275 351 308 312 317 
300 264 280 295 300 300 285 269 274 320 331 
231 212 200 275 275 241 234 269 263 375 303 
221 182 179 259 262 229 215 238 235 368 305 
214 272 207 279 265 221 250 364 328 335 243 
229 235 229 434 297 301 341 297 301 367 387 
237 211 256 256 338 192 211 300 211 382 256 
430 353 353 389 389 128 311 311 311 311 389 
331 072 285 386 331 331 386 442 285 285 544 
386 688 343 300 343 558 214 171 300 300 171 
268 181 288 268 139 351 233 329 162 268 522 
174 307 419 419 322 567 419 226 174 174 567 
376 185 185 185 147 166 147 376 281 376 243 
326 163 173 218 173 273 281 155 181 281 217 
186 300 186 300 
204 253 267 280 
353 273 284 417 
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Table 13. 
Character 
201 
202 
203 
204 
205 
206 
207 
208 
209 
217 
218 
219 
221 
222 
223 
225 
226 
229 
234 
-
Standardized population data for Blacksmith 
Fork Canyon, Cache County, Utah 
Individual 
1 2 3 4 5 6 7 8 9 10 11 
358 337 234 282 213 267 213 267 267 255 184 
300 300 199 228 185 228 185 228 228 257 112 
359 338 304 338 288 321 288 321 321 288 312 
315 285 259 274 274 305 248 253 290 280 238 
266 253 187 215 181 263 219 187 263 209 174 
262 232 155 191 158 253 179 152 244 188 132 
229 279 236 243 185 243 371 257 280 221 307 
223 277 355 367 193 243 203 307 249 327 223 
300 256 211 237 269 300 300 192 256 256 173 
353 271 311 388 353 353 353 311 353 389 
386 229 285 331 331 182 386 285 386 182 
257 343 300 343 300 472 257 300 257 515 
393 351 268 393 393 480 309 268 181 268 329 
374 471 278 278 419 419 226 419 278 322 278 
300 204 281 376 262 319 357 185 204 243 319 
344 353 263 291 308 381 361 226 291 281 353 
300 186 397 188 186 
328 291 
200 
35 
b1e 14. 
301 
302 
303 
304 
305 
306 
307 
308 
309 
317 
318 
319 
321 
322 
323 
325 
326 
329 
334 
Standardized population data for Green 
Canyon, Cache County, Utah 
Individual 
1 2 3 4 5 6 7 
182 316 399 364 255 322 383 
185 228 300 257 257 257 286 
381 376 393 402 288 359 296 
295 331 295 347 315 326 331 
269 256 260 344 272 356 297 
253 262 244 353 268 353 300 
272 200 257 257 236 300 236 
283 293 243 263 223 223 307 
275 205 237 363 300 237 300 
158 311 158 347 158 116 311 
182 386 331 229 229 182 229 
300 214 171 386 214 257 386 
329 268 329 351 288 246 268 
278 322 278 419 226 278 374 
319 243 319 243 338 262 204 
371 434 225 
300 397 
377 390 390 403 
189 393 176 441 273 273 
36 
401 
402 
403 
404 
405 
406 
407 
408 
409 
417 
418 
419 
421 
422 
423 
425 
426 
429 
434 
Standardized population data Snake River, 
Lincoln County, Wyoming 
Individual 
1 2 3 4 5 6 7 8 
351 255 296 276 276 267 378 343 
343 257 257 286 228 257 286 286 
325 288 329 292 329 300 389 355 
305 331 280 305 347 290 326 378 
260 404 375 388 486 378 410 558 
250 400 344 368 486 353 403 572 
236 335 494 407 371 443 357 364 
295 532 579 474 520 415 490 480 
256 401 388 256 300 319 427 681 
194 389 271 311 353 271 271 
127 182 386 127 229 285 182 
386 515 214 515 429 300 386 
309 329 309 246 288 223 246 
322 226 322 278 278 226 278 
262 376 262 262 281 281 262 
236 281 236 
300 300 186 186 300 
229 204 452 291 
320 320 200 236 404 273 
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501 
502 
503 
504 
505 
506 
507 
508 
509 
517 
518 
519 
521 
522 
523 
525 
526 
529 
534 
Standardized population data for B1acktai1 16. 
Butte, Teton County, Wyoming 
Individual 
1 2 3 4 5 6 7 
247 308 261 288 288 234 316 
185 214 214 214 214 141 214 
334 381 325 355 355 363 393 
341 347 457 352 326 320 341 
315 282 397 369 385 275 306 
323 295 465 379 379 274 314 
236 200 193 272 . 328 229 229 
289 209 289 361 255 203 293 
446 401 382 401 401 363 427 
158 194 194 430 353 466 430 
182 285 331 386 442 386 285 
300 214 1:71 300 214 343 429 
223 351 351 351 309 309 329 
226 419 419 366 322 322 322 
281 243 243 262 262 262 281 
254 254 263 281 326 272 326 
300 300 300 300 186 186 
315 428 377 315 341 
273 380 417 333 369 501 417 
38 
601 
602 
603 
604 
605 
606 
607 
608 
609 
617 
618 
619 
621 
622 
623 
625 
626 
629 
634 
Standardized population data for Kanosh, 
Millard County, Utah 
Individual 
1 2 3 4 5 6 7 8 
288 261 255 288 337 302 343 322 
286 257 228 286 328 343 343 228 
304 296 304 30Ll. 321 288 317 385 
269 264 253 315 320 305 285 259 
325 260 315 451 375 432 571 288 
292 226 274 436 368 412 359 250 
472 364 580 429 335 443 674 465 
263 235 203 203 559 520 381 223 
269 256 363 363 237 300 300 300 
158 235 271 235 194 235 039 
285 386 442 331 442 536 127 
171 171 171 224 128 085 214 
393 309 435 480 416 374 288 
174 174 226 129 226 278 129 
511 415 473 684 453 357 473 
326 399 344 353 344 
397 397 397 397 397 397 397 
414 180 167 
200 176 
39 
701 
702 
703 
704 
705 
706 
707 
708 
709 
717 
718 
719 
721 
722 
723 
725 
726 
729 
734 
Standardized population data for Zion Canyon, 
Washington County, Utah 
Individual 
1 2 3 4 5 6 7 8 9 10 
199 247 267 267 267 343 358 308 296 247 
357 401 430 300 430 502 502 546 430 257 
202 224 232 275 232 258 266 232 258 279 
248 253 248 248 290 295 320 357 248 253 
162 190 219 193 337 272 282 422 146 165 
126 155 179 155 314 256 280 433 III 132 
207 265 371 300 386 279 236 ;300 164 200 
275 249 321 301 301 283 283 263 183 193 
148 192 211 192 237 363 331 363 173 237 
271 271 271 311 311 311 235 271 389 
285 285 229 386 386 331 285 285 285 
300 300 343 214 214 257 257 300 386 
162 181 204 246 288 246 139 309 309 
226 322 322 374 174 174 174 226 374 
224 166 185 185 396 357 243 357 243 
208 316 399 353 
300 300 300 397 397 300 397 397 
043 365 180 
163 126 
40 
801 
802 
803 
804 
805 
806 
807 
808 
809 
19. Standardized population data for Grand 
Canyon, Mohave County, Arizona 
Individual 
1 2 3 
247 358 261 
473 589 488 
207 245 215 
285 420 264 
256 315 187 
235 368 158 
279 171 221 
233 183 176 
300 300 300 
41 
901 
902 
903 
904 
905 
906 
907 
908 
909 
20. Standardized population data for Lamoille 
Canyon, E1ko County, Nevada 
Individual 
1 2 3 
710 669 752 
473 401 415 
479 513 555 
259 310 389 
291 322 643 
253 311 658 
472 300 407 
223 213 203 
300 713 554 
42 
43 
21- Summary standardized 
population 
data for each 
r PO]2u1ation 
1 2 3 4 5 6 7 8 9 
001 254 262 303 305 277 300 280 289 710 
002 256 223 253 288 199 287 416 517 430 
003 289 316 356 326 358 315 246 222 516 
004 292 275 320 320 355 284 276 323 319 
005 262 220 293 407 333 376 239 253 419 
006 245 195 290 397 347 327 214 254 407 
007 271 259 251 376 241 470 271 224 393 
008 311 270 262 473 271 323 265 197 213 
009 259 250 274 372 403 299 245 300 522 
017 334 344 223 294 318 195 293 
018 334 298 253 217 328 364 306 
019 343 334 275 392 282 166 286 
0:21 274 363 297 279 318 385 232 
022 343 342 311 276 342 191 263 
023 242 277 275 284 262 481 262 
025 222 314 343 251 282 353 319 
026 243 251 349 254 349 262 397 
029 251 310 390 294 355 254 196 
034 332 200 291 292 384 188 145 
The correlations between pairs of popula-
on summary data are given in the form of 
Figure 3 is the dendrogram of population 
based on 9 character sites. 
In the tables of raw data the character codes are 
in the left hand column. The rows are the 
for the charact ers as they occur in the columns 
The columns to the far right present 
s t andard deviation of the mean for 
character as they occur in all individuals of a 
Thus character 101 refers to a leaf length 
x 10 for population 1 , or the Logan Canyon, Cache 
, Utah population . Character 802 is the leaf 
rom x 10 for population 8, or the Grand Canyon 
Park, Arizona population e It is more conveni-
handle populations as a number than as a name , 
1ally with limited space on the IBM cards. 
overall mean and standard deviation of the 
each character as they occur in all individuals 
all populations (Table 11) were those values used 
standardization of each raw character value. To 
ate the standardization process let us use 
1, leaf length, as it occurs in all popu-
The overall mean is 102 and the overall 
deviation of the mean 48 0 2 0 These two 
in conjunction with each raw value 
to find the standardized value or 
44 
Figure 3. Dendrogram of population correlation 
on the basis of 19 characters. 
Populations: 
1 = Logan Canyon, Cache County, Utah. 
2 = Blacksmith Fork Canyon, Cache 
County Utah. 
3 = Green Canyon, Cache County, Utah. 
4 = Snake River, Lincoln County, 
5 = Blacktail Butte, Teton County, 
Wyoming. 
6 = Kanosh, Millard County, Utah o 
7 = Zion Canyon, Washington County, 
8 = Grand Canyon, Mohave County, Ari 
9 = Lamoille Canyon, Elko County, 
percent 
correlation 
100 
90 
80 
70 
60 
50 
40 
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20 
10 
o 
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-20 
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07.3 
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Population 
1 2 3 5 4 6 
56.7 
22 .. 5 
-8 0 7 
-15.5 -12.4 I 
-2 7 01 I 
Figure 4. Dendrogram of population correlation 
on the basis of 9 characters. 
Populations: 
1 = Logan Canyon, Cache County, Utah. 
2 = Blacksmith Fork Canyon, Cache 
County, Utah 0 
3 = Green Canyon, Cache County, Utah. 
4 = Snake River, Lincoln County, 
5 = Blacktail Butte, Teton County, 
Wyoming 0 
6 = Kanosh, Millard County, Utah. 
7 = Zion Canyon, Washington County, 
8 = Grand Canyon, Mohave County, Ar 
9 = Lamoille Canyon, Elko County, 
Percent 
correlation 
7 
100 
90 .92 0 9 
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Population 
8 1 2 3 5 9 4 6 
83 ~ 0 80 8 
64 ~ 4 
46 . 0 
- 0 0 6 
- 19 0 
- 38 0 9 
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datum. This i s done as follows: 
raw value character 1, _ overall mean 
individual IIX" Character 1 
-- overall standard deviation 
of the mean character 1 
Standardized 
value, 
Character 1, 
individual IIX" 
ThUS for individual 1 of population 1, Logan Canyon, 
in character 1 the standardized value = (53 - 102) 
Negative terms were re-
uniform addition of 3 0 00 to the initial 
tandardized data o Thus , in this case the standardized 
after the addition of 3 0 00 to -1 ~ 01. 
Likewise, decimal places were uniformily removed by 
places to the right o The com-
pletely standardized value for character 1 , individual 
1, population 1 is now 199 0 By standardizing data 
a range is established o In the case of character 1 , 
leaf length, the range is from -1018 in character I, 
nd1v1dual 1 , populat i on 3 , Green Canyon , Cache County, 
Utah (Table 14) to 4 ~ 52 in character 1 , ind i v i dual 3, 
POPulation 9 , Lamoi lle Canyon , Elko County, Nevada 0 
By the addition of 3 0 00 and the shifti ng of the decimal 
place the standardized values become 182 and 752 re-
If one were to add all of the negative 
in i t i ally standardi zed values for a par-
lcular character together the resultant should be 
0.00 .. Or 300 in the case of the data presented in 
bles 12-21 
, as an average o 
The coefficient of correlation based upon the use 
standardized data compares the mean and the standard 
iation of the mean of these data between pairs 
individuals or pairs of populations. This merely is 
statistical technique to assess the similarity of 
The range of similarity is from -10 0% for highly 
imilar pairs to +100% for pairs having like means 
standard deviations of the means. Thus in Figure 3 
Logan Canyon and Blacksmith Fork Canyon populations 
48 
caespitosum don ' t cluster at 56 0 7% because they share 
of their character states, but because their 
and standard deviations of their means for their 
tandardized data correlate at 56 8 7%. The correlations 
n Figure 3 are based on 19 characters o These 19 
tandardized characters may give one value , but when 
only employing 9 of these standardized characters 
nother value can b~ achieved o Thus on the basis of 
9 characters in Figure 4 the Logan Canyon and Blacksmith 
ork Canyon populati ons correlate at 83 0 0%. In the 9 
haracter analysis 10 characters were dropped ; they 
17, 18 , 19 , 21 , 22 , 23 , 25 , 26 , 29 , 34 as listed 
n Table 1. These characters were found to be quite 
and tended to produce low c orrelati ons between 
with i n a populations , as shown in figure 5~ 
character analysis produced somewhat 
19her co . 
rrelatLons between individuals within a popula-
in Figure 6 0 figures 5 - and 6 present 
Figure 5. Number of pairs correlating at each 
10 percent level on the basis of 19 
characters. 
Populations: 
1 = Logan Canyon, Cache County, Utah. 
2 = Blacksmith Fork Canyon, Cache 
County, Utah 0 
3 = Green Canyon, Cache County, Utah. 
4 = Snake River, Lincoln County, Wyoming. 
5 = Blacktail Butte, Teton County, 
Wyoming 0 
6 = Kanosh, Millard County, Utah. 
7 = Zion Canyon, Washington County, Utah. 
8 = Grand Canyon, Mohave County, Arizona. 
9 = Lamoille Canyon, Elko County, Nevada. 
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Population I Percent II , 
correlation I 
1 2 3 4 5 6 7 8 9 
100 
90 1 1 3 1 
80 1 6 1 1 7 1 1 
70 1 3 1 4 3 1 5 2 
60 5 6 5 1 2 7 1 
50 6 2 3 4 5 6 
40 3 10 3 4 4 7 3 1 
30 8 10 1 3 2 3 4 
20 2 5 2 3 5 
10 7 6 2 1 3 3 
0 6 3 7 4 
-10 6 3 2 1 1 
-20 1 1 2 
-30 4 1 1 1 
-40 2 1 2 
-50 1 2 1 
-60 1 1 
-70 1 1 
-80 
-90 
-100 
Mean 
+14 +40 +17 +28 +40 +55 +41 +83 +67 
Figure 6. Number of pairs correlating at each 
10 percent level on the basis of 9 
characters. 
Populations: 
1 = Logan Canyon, Cache County, Utah. 
2 = Blacksmith Fork Canyon, Cache 
County, Utah. 
3 = Green Canyon, Cache County, Utah. 
4 = Snake River, Lincoln County, Wyoming 
5 = Blacktail Butte, Teton County, 
Wyoming. 
6 = Kanosh, Millard County, Utah. 
7 = Zion Canyon, Washington County, Ut 
8 = Grand Canyon, Mohave County, Arizona. 
9 = Lamoille Canyon, Elko County, Nevada 
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Percent P02u1ation 
correlation 
1 2 3 4 5 6 7 8 9 
100 
90 8 23 2 5 5 3 5 
80 3 13 3 2 6 7 8 1 1 
70 5 6 2 3 3 3 8 
60 5 8 2 3 5 3 8 2 1 
50 2 3 7 1 1 3 3 
40 6 1 1 6 1 1 5 1 
30 6 1 1 3 
20 6 1 1 1 3 
10 1 2 3 
0 6 2 
-10 1 
-20 1 1 1 
-30 1 1 1 
-40 1 
-50 2 
-60 1 1 
-70 1 
-80 3 
-90 2 
-100 
Mean +39 +82 +50 +31 +78 +54 +62 +83 +67 
the percent correlation bet ween pairs of individuals 
within a part icular population and the number of pairs 
that correla t ed at a particular level, as well as the 
mean percent correlation between all pairs of individuals 
within a particular population. 
51 
DISCUSSION 
The review of the literature of the species 
~etrophytum caespitosum has revealed synonymy that has 
centered about the placement of the species in Petro-
phytum and ?piraeao Through the uniqueness of the 
habit and form of the species it is felt that the species 
should remain within its present genus, Petrophytum. 
The study of the distribution of f. caespitosum has 
shown that it generally occurs on limestone and sandstone 
formations in the Intermountain Region and adjacent 
areas. Populations are discontinuously distributed 
as a result of substrate preferences, and are isolated 
from each other by various geographical features, e.g. 
canyons, mountains, valleys , and possibly in past 
eras by large bodies of water o 
Climate and substrate tolerance have probably 
played important roles in the selection of recombinants 
of this species o Climate data show temperature tolerance 
for the species to range from -44 F to 115 F, Blacktail 
Butte, Teton County , Wyoming and Zion Canyon National 
Park, Utah, respectivelyo In the limestone areas the 
leaf f . 
arm ~s narrowly oblanceolate-accuminate (Figure 7). 
These Pl. opu at~ons are exposed to low winter temperatures 
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d moderate summer temperatures. Individuals encountered an 
in relatively warm climates on sandstone demonstrate 
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very pubescent, broadly spatulate-obtuse leaves (Figure 8). 
These leaf forms could be adaptive for the climate 
conditions of the habitats, i.e. less surface area to 
volume in the broadleaf form, thereby reducing water 
loss. 
Inspection of individuals from both limestone 
and sandstone reveals that the inflorescences of those 
found on sandstone are generally shorter than those 
found on limestone. This may be due to photoperiod 
induction of flowering. In the northern latitudes 
relatively long days are reached in advance of those 
in latitudes to the south. The population of Blacktail 
Butte, Teton County, Wyoming was in bloom during 
late July and early August, 1967. The population in 
Zion Canyon National Park, Utah did not bloom until 
mid-September, 1967. Field studies have not been made 
to determine if this differential in time of flowering 
has been selected for in northern latitudes in response 
to the short growing season. Latitudes are given in 
Appendix A. 
The anatomical study of both floral and vegetative 
Parts should be considered only as a general description 
for the . spec~es, rather than a detailed comparison of 
isolat d e populations. However, the study of the floral 
anatomy includes both sandstone and limestone grown 
individuals. The data from this study indicate that 
no particular or consistent variations occur between 
individuals from these two substrates. 
Studies made of the leaf and shoot anatomy are 
by no means thorough enough to use their data in any 
conclusive manner, save to generalize about the genus. 
Chromosome counts have not shown variation in 
haploid numbers in material taken from limestone popula-
tions in Lincoln County, Wyoming, Cache County, Utah, and 
Elko County, Nev.ada. The haploid number of n = 9 was 
consistent for each of these three populations. 
Satisfactory counts of pollen mother cell chromosomes 
were unfortunately unobtainable for individuals 
growing on sandstone at the Zion Canyon National Park 
site. ' It is hcped that satisfactory counts for this 
population can be made during the next season. 
The use of numerical analyses have proven to be 
most useful in this group. The initial characters 
selected for the numerical analyses are given in Appendix 
C. The characters marked with an asterisk (*) were 
those that were used in the study . These characters 
proved at the time of initial inspection to be the 
most variable7 thus, being of potential value in a 
taxonomic treatment of the species. Also these charact ers 
were more accessible to accurate measurement than the 
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remaining 34 characters of the 53 characters initially 
selected. The 19 characters used in the study represent 
both floral and vegetative parts. Characters I, 2, 3, 
4, 5, 6, 7, 8, 9, are those characters that were 
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readily noted upon macroscopic examination of herbarium 
sheets and field specimens. These were the 9 characters 
used in the 9 character analysis e The 19 character 
analysis was composed of these 9 characters plus characters 
17, 18, 19 , 21, 22, 23 , 25 , 26, 29 , 34 9 
Population size, or sample size of individuals 
representing a population, was originally set at 10 
specimens, but this could not always be mete Some 
populations had considerably less than 10 indivi duals, 
especially Grand Canyon National Park , Arizona and 
Lamoille Canyon, Elko County, Nevada with each being 
represented by three herbarium specimens. 
The populations selected represent about 500 miles 
of the north-south distr i bution of ~ o caespitosum, and 
the central portion of the species ' east- west distri -
bution. These populat i ons represent a wide range of 
habitat sites , climatic conditions , and subs t rates 0 
Three populations were select ed for similarity of 
conditions o These were Logan Canyon , Blacksmith Fork 
Canyon, and Green Canyon all of wh i ch are wi th i n 
five miles of each o t her near the city of Logan , Cache 
County, Utah. Thus i t was expected that these three 
populations would provide a check of sampling procedures 
and the numerical analyses o In Figure 3 and Figure 4 
the Logan Canyon and Blacksmith Fork Canyon populations 
cluster at 56.7% and at 83.0% on the basis of 19 and 9 
characters, respectively. This should be considered 
as being fairly good correlation in that the characters 
being used are those characters that demonstrate the 
maximum variation within the species. On a 0-100% scale 
the correlation between these two populations would be 
78.4% and 91 0 5% for the 19 and 9 character analyses, 
respectively. The Green Canyon population joins the 
Blacktail Butte population at 80.8% on the basis of the 
first 9 characters with this cluster joining the Logan 
Canyon and Blacksmith Fork Canyon populations at 46.0%, 
or 73.0% on the 0-100% scale. However, the Green 
Canyon and Blacktail Butte populations do not join 
the Logan Canyon and Blacksmith Fork Canyon populations 
until the -15.5% level on the basis of 19 characters, or 
42.3% on the 0-100% scale. Clusters were joined 
together by taking the mean correlation between all 
members joining, such as in this case the level of the 
Logan and Blacksmith Fork populations joining with the 
Green Canyon and Blacktail Butte populations was 
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determined by taking the average of correlations between 
the following pairs: Blacksmith Fork Canyon- Green Canyon, 
Blacksmith Fork Canyon-Blacktail Butte, Logan Canyon- Green 
Canyon, Logan Canyon-Blacktail Butte . 
The mean correlation coefficient between individuals 
within a population was raised significantly byuang the 9 
character analysis for the 19 character analysis, (Figures 
5 and 6). Using the 19 character analysis also 
placed the Elko County, Nevada limestone population 
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with the sandstone populations of the Grand Canyon National 
Park and Zion Canyon National Park, but in the 9 
character analysis this population was placed in the 
middle of the limestone populations o The first cluster 
of the Elko County, Nevada population was with the 
Cache County, Utah and Teton County, Wyoming pop~lations 
at the -0.6% level. 
Holmgren and Reveal (1966) list two subspecies of 
E. caespitosum: ~ caespitosum (Nutt.) Rydb s varo 
caespitosum and Ea caespitosum var. elatius (So Wats o) 
Tides. The Elko County, Nevada material agrees closely 
with the description given for the subspecies ~. caespitosum 
var. elatius. Tidestrom (1925) removed Watson IS 
Petrophytum elatior S. Wats. to subspecific standing (see 
King, 1869). On the basis of 9 characters the Elko 
County, Nevada population has shown correlation with 
other limestone populations and formation of clusters 
at low percentile levels, as would be expected if it 
were a valid subspecies o 
The Snake River, Lincoln County, Wyoming and the 
Kanos~ Millard County, Utah populations show relatively 
high correlations with each other . This is interesting 
in that these populations are found in practically 
opposite habitats, eeg . Kanosh is in an open juniper-
sage habitat, while Snake River is on river bank rocks 
with the surrounding species composed of conifers and 
aspen. Their cluster may represent a subspecific 
taxon, but the placement of these two populations has 
been rather difficult and I would prefer to leave them 
with the major subspecies of fo caespitosum var . caespi-
tosum at this time. Some practitioners of numerical 
taxonomy would consider this a serious breach7 however, 
I feel that a conservative treatment of this cluster 
would better lend itself to a further elucidation of 
the affinities with i n this genus, rather than a nomen-
clatural treatment of the cluster now. 
In both the 19 and 9 character analyses the sand-
stone populations of Grand Canyon National Park and 
Zion Canyon National Park demonstrate high coefficients 
of correlation between each other o They also demonstrate 
negative correlati on wi th all limestone populations in 
both analyses, except the Elko County , Nevada population 
in the 19 character analysis o The degree of morphological 
discontinuity in the Zion Canyon and Grand Canyon groups 
from all limestone populati ons i s readily shown in Figure 
4 . The coefficient of correlati on between the sandstone 
and limestone groups is lower than that between the known 
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subspecies in the limestone groupo This indicates 
significant morphological discontinuity. On the basis 
of this the sandstone populations should be initially 
given the rank of subspecies. 
The most conservative variation occurred at leaf 
character sites. Conservative in the sense that they 
provide the most distinct variations between populations. 
There are two basic leaf shapes encountered o The first 
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shape is narrowly oblanceolate with an accuminate apex 
(Figure 7)0 This shape is distinctive of those individuals 
found on limestone substrates. The subspecies f. caespitosum 
var. caespitosum has this shape with leaves being 5-20· mm 
in length , 1.5-2.5 mm wide, and a ratio of length to 
width of 4-6:1. Also , having this shape is f a caespitosum 
var. elatius, but with leaves 15-35 (40) mm in length, 
3-4 mm in width, and a ratio of length to width of 
8-10:1. The second leaf shape is broadly spatulate 
with an obtuse apex (Figure 8). This shape is common 
to individuals on sandstone substrates a The length 
varies from 5-13 mm with widths of 2-5 mm and length to 
width ratios of 2- 4:1 . 
Leaf vestiture varies within and between populations. 
The limestone populations being rarely to moderately 
sericeous and the sandstone populations being moderately 
to densely sericeous. The Elko County , Nevada population 
is rarely sericeous, while the remaining limestone 
populations show slight to moderate sericeous pubscence. 
The Zion Canyon population demonstrates a generally 
moderate sericeous condition, while the Grand Canyon 
specimens are densely sericeous and are the only 
specimens showing a cilliate margin. On the basis 
of vestiture distinctions, the Zion Canyon and Grand 
Canyon populations may warrant separate nomenclatural 
treatments, but at this time I would prefer to treat 
the two conservatively as one subspecies until additional 
evidence concerning their affinities may show otherwise. 
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CONCLUSION 
Through prolonged isolation and selection, unique 
morphological subspecies of Petrophytum caespitosum (Nutt.) 
Rydb o have evolved 0 The numerical analyses have revealed 
morphological discontinuities of taxonomic importance 0 In 
agreement with these data it is proposed that at this time 
nomenclatural treatments should be given to three sub-
species of p. caespitosum extant in the Intermountain Region. 
~to the Subspecies of Petrophytum caespitosum 
A. Leaves narrowly oblanceolate with accuminate apices~ 
on limestone outcroppingso 
Ba Leaves 5-20 rom in length, 1 0 5-2 0 5 rom in width, 
ratio length width 4-6:1, moderately sericeous 
fo caespitosum (Nutt o ) Rydb o vara caespitosum 
BB. Leaves 15- 35 (40) mm in length, 3-4 mm in width, 
ratio length:width 8-10:1, rarely to slightly 
sericeous 
fo caespitosum (Nutt o) Rydb o varo elatius (So Wats o ) 
Tides. 
AA. Leaves broadly spatulate with obtuse apices~ on sand-
stone substrates~ leaves 5-15 mm in length, 2-5 mm in 
width, ratio 2-4:1, slightly to densely sericeous 
f. caespitosum (Nutt o ) Rydb o varo latifolium varo nov. 
Drysdale 
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Appendix A 
Population Locations 
Logan Canyon, Cache County, Utah 7 410 471 N 1110 39 1 W7 
Re 3 E., T. 12 N. Limestone cliffs and rocky slopes 
2 to 10 miles east of Logan on US Highway 89. 
Elevation c. 1500 meters. 
Blagksmith Fork Canyon, Cache County, Utah7 410 37 1 N 
111 46 1 W7 R. 2 E., T. 10 N. Limestone cliffs and 
rocky slopes c . 5 miles east of Hyrum on Hardware 
Ranch Road. Elevation c. 1500 meters. 
o 0 Green Canyon, Cache County , Utah7 41 46 1 N 111 45 1 W7 
R. 2 E., To 12 N. Limestone outcropping at the mouth of 
canyon c. 3 miles NE of Logan. Elevation Co 1500 meters. 
Snake River, Lincoln County, Wyoming : 430 111 N 1100 
501 W~ Re 119 W., T. 37 N. Along the Snake River c. 
2 miles east of Alpine Junction on US Highway 89 and 26. 
Li~estone rocks in the Grand Canyon of the Snake River, 
near high water mark o Elevation Co 1900 meters. 
Blacktail Butte, Grand Teton National Park, Teton County, 
Wyoming~ 430 39 1 N 1100 40 1 W, R . 115 W., T. 43 N. On 
a small limestone outcropping in the saddle on the 
northern portion of the butte, Co 1 mile SW of Moose 
Junction . Elevation Co 2300 meters o 
Kanosh, Millard County, Utah 7 380 48 1 N 1120 25 1 W7 
R. 5 W., T. 23 So On limestone outcropping Co 80 
miles south of Nephi on US Highway 91 near the town 
of Kanosh. Elevation Co 1650 meters. 
Zion Canyon, Zion Canyon National Park , Washington 
County , Utah7 1120 53 1 W 370 13 1 N7 R . 10 W., T. 41 S. 
In both red and white sandstones , along Clear Creek c • 
• 3 miles east of tunnel entrance on Utah State Highway 
15. Elevation c . 1700 meters . 
Saddle Horse Canyon, Toroweap , Mohave County, Arizona 7 
Near Grand Canyon National Park . Elevation 4600 feet . 
From Cottam No o 13530 , 8-16-52 0 
Lamoille Canyon, Elko County, Nevada . In rocks . Elevation 
8000 feet . From a collection by McMillan, Wilson, and 
Preece No o 98932 (USDA), 9-8-46. 
Appendix B 
Herbarium Specimens 
Petrophytum caespitosum (Nutt.) Rydb. 
Arizona: Mohave County, Cottam 13248, 13530, 13842 (UU). 
Idaho: Bear Lake County, Davis 16347 Blaine County, 
Hitchcock and Martin 57227 Clark County, Cronquist 
1948 (USU). 
Montana: W. Gallatin Canyon, Swingle 8-18-1933 (USU) 
Nevada: Clark County, Clokey 5513, 8585 (USU)7 Elko 
County, Crane 6-1937, Holmgren l266A, 1338, 1765, 
Maguire 16853, (USU) McMillan, Wilson & Preece 181, 
Watts 79993 (Foro Ser e )7 Lincoln County, Galway 
7-26-19367 White Pine County, Hitchcock & Martin 
5637, Holmgren & Reveal 1659. Holmgren & Tillett 
10781 (USU), (UU). 
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Utah: Beaver County, Cottam 9058, Mathews 22 (USU), (BYU) 7 
Box Elder County, W. S. F. 8-14-1929, 1039, Garrett 
5391, Preece 995, (UU), Cronquist 404-36, Maguire 195, 
3487, Smith, 1983 (USU)7 Cache County, Drysdale 201, 
220, 2397 Garfield County, Lindsay 72, Penland 4343, 
Piranian 9-3-1936 (BYU), (USU), (UU) 7 Grand County, 
Clover & Jotter 2083, Welsh & Moore 2329, Woodbury 
10-25-1931 (BYU) , (UU)7 Juab County, Anon. 9-26-1934, 
Cottam 3165, Cottam et o ale 15115 (BYU) , (UU)7 
Millard County, Drysdale 261, Leidig 193, Welsh & Moore 
2231 (BYU), (USU), (UU)7 Rich County, Maguire 194 (USU)7 
Salt Lake County, Jones 1301 (USU) San Juan County, 
Welsh & Moore 2358, Wilson 209 (BYU), (USU)r Utah 
County, Harrison 6156, 11329, Larsen 6095, Reveal 287, 
(BYU) , (USU)7 Washington County, Cottam 4651, Drysdale 
269, Higgins 673, Maguire 20556 (BYU), (USU)~ Wayne 
County, Rydberq & Garrett 9486 (UU) . 
Wyoming: Lincoln County, Drysdale 2467 Sublette County, 
Ownbey 1135; Teton County, Anderson 233, 234, 235, 
Drysdale 254, Holmgren & Anderson 10953 , Shaw 1475 
(USU) • 
Appendix C 
Potential Characters 
* 1. Leaf length 
* 2. Leaf width 
* 3. Ratio leaf length to leaf width 
* 4. Raceme length 
* 5. Peduncle length 
* 6. Total inflorescence length 
* 7. Ratio raceme to peduncle 
* 8. Number of bractioles per raceme 
* 9. Bractiole length 
10 . Bractiole width 
11. Ratio bractiole length to bractiole width 
12. Number of flowers per raceme 
13. Pedicel length 
14. Bract length 
15~ Bract width 
16. Ratio bract width to bract length 
*17. Sepal length 
*18. Sepal width 
*19. Ratio sepal length to sepal width 
20 . Petal claw length 
*21. Petal blade length 
*22. Petal blade width 
*23. Ratiopet.al blade length to blade width 
24. Stamen length 
*25. Stamen filament length 
*26. Anther maximum dimension 
27 0 Anther number , minimum per flower 
28 0 Anther number maximum per flower 
*29. Styla length 
30 . Pistil number, minimum per flower 
31. Pistil number , maxi mum per flower 
32. Branched racemes present 
33. Raceme branch length 
*34. Fruit length 
35. Fruit width , minimum 
36. Fruit width , maximum 
37. Seeds per fruit 
38. Seed length 
39. Seed width 
40. Ratio seed length to seed width 
41. Fruit number per flower 
42. Length of plant maximum 
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43. Width of plant, maximum 
44. Pollen diameter, maximum 
45. Guard cell length 
46. Guard cell width 
47. Stomata, number per square mm leaf surface 
48. Trichomes, number per square mm leaf surface 
49. Trichomes, maximum length, leaf 
50. Trichomes, cell number, leaf 
51. Trichomes, number per square mm petal surface 
52. Trichomes, length maximum, petal 
53. Trichomes, cell number, petal 
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